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Feedback control loop for hit detection in an N-dimensional data block 



This invention relates to a feedback control loop for controlling paxameters of 
a signal comprised in a block of data stored in a N-dimensional data block on a record canier 
where the decision directed feedback loop comprises an input for receiving an information 
from the record carrier and error signal derivation means for deriving an error signal &om the 
5 information, a method for controlling parameters in a feedback control loop of a signal 

comprised in a block of data stored in a N-dimensional data block on a record carrier and an 
apparatus for reading an optical record carrier comprising a feedback control loop. 

Such control loops are known from existing DVD and CD players where the 
control loop is required for the adaptation and timing recovery. 
10 For Two-Diniensional Optical Stoiage such a coxitrol loop has draw^ 

because PRML detection in the form of a stripe-wise Viterbi detector is used. This detectcn* 
introduces an increasing detection delay when going from the outer rows towards the center 
of the broad spiral. For fast control loops in a decision directed mode instability would occur 
because of the delay introduced by the detector. Further more the large q>an of the 2D inter- 
15 symbol interference at higher densities and tilt, leads to a large 2D Equalizer which 

introduces even more delay. In addition, write-chaimel imperfections such as time-varying 
lattice distortion due to multiple-pass mastering require independent timing recovery on each 
row within the broad spiral. 

It is an objective of the invention to provide a stable ccmtrol loop for use in 
20 two dimensional optical storage. 

To achieve this objective the control loop is characterized in that the feedback 
loop is^ arranged to determine an error signal from a &st area of the N-dimensional data block 
where the frrst area is that area where the error signal can be determined within the shortest 
period of time. 

25 Because the detection of data in areas, for instance rows, of a two dimensional 

data block, which can be for instance a section of a broad spiral, is performed in a 
predetenmned order it is advantageous to select that area of the data block where detection is 
performed first and establish the error sigaal for the control loqp.based on ttie detection 
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results of this area. The stabiUty of the control loop Is consequenlly increased when the delay 

caused by flic detection step is minimiz ed. 

An embodiment of the feedback control loop is characterized in that the first 

area is a guard band area corresponding to the N-dimensional data block. 

The guard band comprises Icnown data and consequently it is advantageous for 
the detection to start fiom the guard band because the detection needs to deal with less 
unknown factore. By selecting the guard band as the first area, i.e. the area where the error 
signal for the control loop is derived &om, a synergistic effect is achieved. The detection is 
more reUable and the control loop is at the same time more stable cbnqiared to another choice 

of starting point for the detection. 

An embodiment of the feedback control loop is diaractCTized in that feedback 
control loop is aitanged for controlling parameters of a signal firom a second area based on 

the error signal derived fixnn the first area 

Instead of deriving an error signal from each area of the N-dimensional data 
block the error signal derived from the detection performed on the first area is also used for 
other areas of the N-dimensional data block. This greatly simplifies &e control lo«>p and 
ensures stabiUty for the entire N-dimensional data block because the stability of the control 
loop is only dependent on the delay introduced by the detection performed on the first area 
and not on the delay introduced by the detection performed on the other areas. 

An embodiment of the feedback control loop is characterized in that the 

second area is the N-dimensional data block. 

Instead of deriving an error signal from each area of the N-dimensional data 
block only the error signal derived from the detection performed on the first area is also used 
for all other areas of the N-dimensional data block. This greatly simplifies the control loop 
and ensures stability for the entire N-dimensional data block because the stabiUty of the 
control loop is only dependent on the delay introduced by the detection performed on tiie first 
area and not on the delay introduced by the detection perfonned on any of the other areas. 

The basic assumption that leads to a solution is that die fest parameter 
variations are common for all rows within abroad spiral. This assumption is based on the 
insight of the physical mechanisms that lead to these variations in die channel. For instance, 
small variations m the physical thickness of the cover layer of the disc (on top of the 
information layer containing die marks) can cause time-dependent channel variations that are 
common to aU bitrrows in the spiral i.e. it will generate some amount of spherical aberration 
in the read-out spot which is common for all the bit-rows. This assumption allows flie control 
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loops to do control on all rows based on information from the outer rows only which have 
only a relative small detection delay. 

An embodiment of the feedback control loop is characterized in that the 
parameters of the signal from the second area are uniformly controlled using the error signal. 
S An embodiment of the feedback control loq) is characterized in that feedback 

control loop is arranged for controlling paiamiBters of a signal fix>m a second area based on 
the error signal derived from the first area and a further error signal derived firom a tiiird area. 
An N-dimensional data block often has more than one guard band. For instance a two- 
dimensional data block in the form of a broad spiral can have two guard bands, one guard 
10 band on each side of the broad spiral. Detection can start simultaneously firom each guard 
band and progress simultaneously towards each other in the direction of the center of the N- 
dimensional data block. There is consequently an equal delay introduced by each detection 
performed on the various guard bands. From each detection an error signal can be derived in 
an equal amount of time but with differences in liie actual error signal. 
IS By taking multiple error signals into consideration no additional delay is 

introduced but a more appropriate response of the control loop is achieved. 

An embodiment of the feedback control loop is characterized in that the 
parameters of the signal fiom the second area are uniformly controlled using an average of 
the error signal and the fiirther error signal. 
20 When considering multiple error signals an average of the multiple error 

signals is an af^ropriate input for the control loop and allows a single error signal to be used 
for controlling the parameters of the signal fiom the second area in a unifi>nn manner 
because deviations fix>m the optimum control of the parameters are minimized on average. 

An embodiment of the feedback control loop is characterized in that the 
25 paramet^ of the signal from the second area are controlled using an interpolated error signal 
derived by interpolating between the error signal and the further error signal based on a 
position of the third area relative to the first area and the second area. 

In reality small and probably slow variations occur relative between rows. 
These slow variations are combatted by correction loops that are based on delayed 
30 information fiom the inner rows. These correction loops can be controlled using an 

estimation of the appropriate error signal for that inner row derived by interpolation between 
the error signals derived from the guard bands. 

An N-dimensional data block often has more than one guard band. For 
instance a two-dimensional data block in the form of a broad spiral can have two guard 
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bands, one guard band on each side of Ihe broad spiral. Detection can start simultaneously 
from each guard band and progress simultaneously towards each other in the direction of the 
center of the N-dimensional data blodc There is consequemtly an equal dday introduced by 
each detection performed an the various guard bands. From each detection an error signal can 
be dwived in an equal amount of time but with differences in (he actual error signal. 

By taking multiple error signals into consideration no additional delay is 
introduced but a more appropriate response of the control loop is achieved. 

The enror signals derived from the detection performed on ttie two guard bands 
represent extremes in the data block and the appropriate error signal for the areas between Ihe 
guard bands can be derived by interpolation of tibe eirtremes. For instance when having a 
broad spiral with 12 rows, of which row 1 and 12 are guard bands, the ^opriate error 
signal for row 4 can be determined by interpolation to be the raror signal of row 1 phjs 40% 
of the differences between the error signal derived from row 1 and the error signal derived 
from row 12. Uris intwrpolation is mudi quicker than waiting for the detection bemg 
performed on row 4 and thus increases the stabiUty of the control loop when performing 

detection on row 4. 

An embodiment of the feedback control loop is characterized in that the 
feedback control loop comprises a detector with an input for receiving the mformation from 
the input and an output for providing the error signal to the feedback control loop. 

The detection can be mtegrated into the control loop or the control loop can be 
directly coupled to the detection. In both cases the control loop receives the error signal from 
a detector that has pwformed detection on the information 

An enibodiment of the feedback control loop is characterized in that the 
feedback control loop is a decision dffected feedback control loop. 

In a decision directed feedback control loop the delays introduced is quite 
large and this type of control loop benefits in particular from the jqjplication of the invention. 

An embodiment of the feedback control loop is characterized in that a finther 
control loop, supplementing the control loop, is arranged to determme an error signal fixun a 
fourth area of the N-dimensional data block where the fourth area is different from the first 
area. 

Often two control loops are used in cooperation with different characteristics 
regardmg stability. By si^plying the error signal derived fi»m the first area where delay is 
lowest that control loop is stabilized. Tbo other cooperating control loop can be supplied with 
an error signal from another area. 
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A method for controlling parameters in a feedback control loop according to 
the invention is characterized in that the method comprises the steps of: 

receiving an information from the record carrier 

deriving an error signal from the information 
S - determining an error signal firom a first area of the N-dimensional data block 

where the first area is that area where the error signal can be determined within the shortest 
period of tune 

controlling parameters based on the determined error signal. 
Because the detection of data in areas, for instance rows, of a two dimensional 
10 data block, which can be for instance a section of a broad spiral, is performed in a 

> predetermined order it is advantageous to select that area of the data block where detection is 
performed first and establish the error signal for the control loop based on the detection 
results of this area. The stability of the control loop is consequently increased when the delay 
caused by the detection step is minimized. 
15 An embodiment of the method for controlling parameters m a feedback control 

loop is characterized in that the step of deriving an error signal from the information 
comprises the step of selecting die information from a guard band area corresponding to the 

N-dimensional data block 

An embodiment of the method for controlling parameters in a feedback control 
20 loop is characterized in that the step of controlling parameters based on the determined error 
signal comprises controlling parameters of a signal from a second area based on the error 
signal derived from the first area. 

An embodimrat of the method for controlling parameters in a feedback control 
loop is characterized in that the second area is the N-dimensional data block. 
25 An embodiment of die method for controlling parameters in a feedback control 

loop is characterized in that the parameteis of the signal fix>m the second area are uniformly 
controlled using the error signal. 

An embodiment of the method for controlling parameters in a feedback control 
loop is characterized in that the step of controlling parameters based on the determined error 
30 signal comprises controlling parameters of a signal from a second area based on the error 
signal derived from the first area and a fijrther error signal derived fixjm a third area. 

An embodiment of the method for controlling param^srs in a feedback control 
loop is characterized in that the second area is the N-dimensional data block. 
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An embodiment of the method for controUing parameters in a feedback control 

loop is characterized in that tfi© parameters of the signal fix)m the second area are uniformly 

controlled using an average of the error signal and the Anther error dgnal. 

An embodiment of the method for controlling parameters in a feedback control 

loop is characterized in that the step of controlling the parameters of the signal from the 

second area conoprises the steps of: 

mteipolating between the error signal and the further error signal based on a 

position of the third area relative to the fibst area and the second area to derive an interpolated 

error signal. 

An embodiment of the method for controUing parameters in a feedback control 
loop is diar acterized in that the step of deriving an error signal from the uxformation 
comprises the step of detecting syoibols from the mformation and providing the error signal 

to the feedback control loop. 

An embodiment of the method for controlling parameters in a feedback control 

loop is characterized in that the feedback control loop is a decision directed feedback control 
loop. 

An Apparatus for reading an optical record carrier comprismg a feedback 
control loop benefits from the control loop according to the invention because results in a 
- stable control loop as required for the controlling of parameters of signals derived from the 
optical record carrier in particular those with data stored in an N-dunensional data block such 
as a broad spiral. 



Brief description of the figures 

Figure I : Principle of Viterbi Detection. 

Figure 2: First possible organization scheme of the stripe-wise Viterbi along 
the broad spiral. 

Figure 3: Second, more advantageous organization scheme of the stripe-wise 

Viterbi. 

Figure 4: Block Diagram of the current receiver for record carriers with data 

stored in a 2-dimensional pattern. 

Figure 5: Block Diagram of the timing recovery loop. 

Figure 6: Block Diagram for DC control based on the outer rows only. 

Figure 7: Block Diagram for DC control correction based on the iimer rows. 
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Figure 8: Block diagram in the Laplace domain of the fast control loop in 
combination with the slower correction loop. 

Figure 9: Variation in relative delay between adjacent rows in the broad spiral. 

Figure 10: Block diagram of the inner-outer control loop configuration for the 
case of timing recovery (i.e. a 2nd order loop). 

Figure 1 1 : Step responses of the coupled first order loops. 

Figure 12: Interpolation of tiie error signals for intennediate rows. 



10 In Two-Dimensional Optical Storage bits are stored on a hexagonal lattice. In 

contrast to conventional optical recording (CD, DVD, BD) where tiie bits are stored in a 
single spiral the bits in 2'-dimensional storage are organized in so-called broad spirals. Each 
broad spiral consist of a number of bit rows. Practical numbers are 9 and 1 1 . The broad 
spirals are separated by a guard band consisting of a bit-row without any pits (i.e. all zeros). 

1 5 This guard band introduces a discontinuity in the phase relation between adjacent broad 
spirals to allow a constant areal density aoross the disc. Additionally, it serves as a starting 
point for 2D-bit detection. This bit^tection is preferably done with a Viterbi detector. To 
reduce the enormous complexily of a Ml-fledged 2D Viterbi, the 2D Viterbi is divided into 
smaller Viterbi detectors, each covering a limited number of bit-rows which are called stripes 

20 and have a typical width of 2 or 3 rows. This configuration is called a stripe-wise Viterbi 

Detector. The first Viterbi starts on the outer rows and uses the fact that the guard band only 
contains zeros as side information for the calculation of the re&rrace levels in the branch 
metric calculation. The detected bits of this first Viterbi are passed to the next Viterbi to be 
used also here as side information for the calculation of the reference levels. This procedure 

25 is repeated until the last Viterbi processes the last rows of the broad spiraL Fig. 1 shows how 
it works for a single stripe 3. The Viterbi is going firom state 

£m 1 to a next state 2ii2< The branch metric is calculated as a sum of three 
contributions, one for each row within the stripe: 



30 ^-t\H FrREFu 



To calculate tlie reference signal REF (or equivalently to determine the entry 
point in a look-up table that stores the REP values) the cluster type is needed. Further it can 
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be assumed for the sake of simpUcily that the cluster type is based on Ihe cenlial bit 4 and the 
nearest neighbors 5A, 5B, 5C, 5E, 5F only (this is caUed the first shell only). To calculate the 
reference level for the central bit 4 the nearest neighbors 5A, 5B, 5C, 5E, 5F are needed as 
indicated by the hexagonal 'spider-web' 6 in Fig. 1. Two of these nearest neighbors 5A, 5B 
are bits on the 'outside bit row* 7A i.e. are not part of the stripe 3 to be processed. 

In a first concatenation scheme of these stripe Viterbi detectors VO, VI, V2, 
V3, V4, V5, V6 the blocks are organized linearly along the rows in the broad spiral 21 as 
in^catid in Fig. 2. Note that each viterbi detector VO. VI. V2, V3. V4, V5, V6 uses at flie 
top row side information obtained from the previous Viterbi (or from the guard band in case 
of the first Viterbi VO) and that at the bottom zeros are used as side information because the 
bits are not yet knows. This causes the top-most bit of the detected ou^ut of the Viterbi 
detectors VO, VI, V2, V3, V4, V5, V6 to be the most reliable one. Therefore, only this bit is 
used as output 

A second, more advantageous organization of the Viterbi detectors is to layout 
the blocks in a "V-sh^e. This is shown schematically in Fig. 3, Note, that in a final 
implementation two iterations are needed to achieve the required, low bil-error rate at the 
output of the viterbi detector VO, VI, V2. V3. V4, V5, V6. V7, V8, V9. 

At the ii^mt of the bit-detector VO. VI. V2. V3, V4, V5. V6, V7. V8, V9 bit- 
synchronous samples that are conform with a certain, so-called target responseare expected. 
This target response is the ideal response desirable fi>r our optical channeL The same target 
response is used in the Viterbi detector to calculate the reference levels. So ideaUy. the input 
HF samples (see Eq. 1) are equal to the reference levels REF for the correct cluster under 
evahiation and the branch metric is equal to zero. Jh reaUty however, the channel output 
signal is subject to iinperfections (or a target response is chosen that does not fit the nominal 
channel perfectly, mstead other ciitma for the choice of target response such as white noise 
at the ii^ut of the detector can be chosen). These imperfections can be a gain mismatch, DC 
mismatoh, timmg error, amplitude/phase distortion. Note finther, that these imperfections in 
the signal may be tune varying. With signal processing in the form of gain/DC control loops, 
timing recovery, adaptive equalizers, ete these imperfections (or mismatch) are eliminated as 

much as possible. 

A block diagram of a tjpical receiva is shown in Fig. 4. 

The control loops in the adaptations block 41 need some ii^t signals that 
mdioate a mismatch between the actual signal at the input 42 of the bit-detcctor 43 and the 
ideally e:q)ected target signal. Therefore, the actual input signal of the bitrdetector 43 is 
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compaied to this ideally e}q>ect6d target signal (by subtracting the signals hereby generating a 
so-called eiror-signal). To calculate the ideally esqpected target signal the bits are needed as 
^ey are stored on the medium. In some cases these bits are known beforehand like in title 
case of a preamble. In this case a Data Aided (DA) mode is used where the target signal is 
calculated based on a known data file. However, in most cases the bits on Uie disc are not 
known and an alternative must be found. 

A sohition to this problem is to use the bits that are detected by the bit-detector 
43 ,althou^ this bit-stream might contain some errors. In Uiis case a Decision Directed (DD) 
mode is used. As an example tiiie timing recovery loop in the receivear 40 of figure 4 is shown 
inFig. 5. Here the output of the bit detector 43 is used as input to a jitter detector gk 51 which 
calculates the ideal target signal d*. The actual signal at the input of the detector yk is 
compaied with this signal by subtraction in sublraotor 52. This results in an error signal et- 
This error signal is mapped on a so-called signature signal by correlation (in the form of a 
sample-by-sample multipUcation). The result is a timing eirar Ak which is input to the rest of 
the control loop. From this structure it becomes clear that the bit-detector 43 is in the control 
loop and dierefbre the delay of the bit-detector becomes important. 

In case of fest varying parameters high bandwidth control loops are needed. 
There control loops aUow only limited delay m the total loop. If the delay becomes larger the 
phase margin of these loops is reduced and stability problems occur. In particular for the 
receiver 40 of figure 4 this is a big problem since the stripe-wise Viterbi configuration results 
in large delay in the detector. For the outer rows the delay is limited to the back-tracking 
delay of the Viteibi . Note that this is best case. In a practical implementation at least this 
delay is needed to build up the trellis and in addition extra delay might be introduced in the 
back-tracking algorithm. With tricks like 'register exchange' however this delay might be 
minimized. For the innw rows however, detection cannot start until the side-information fi»m 
fbs previous detector is available. Thsarefore, the delay increases linearly starting firom die 
outer rows going towards the center of the broad spiral where the last Viterbi block produces 
the output for three bit-rows simultaneously unlike the other Viterbi blocks which only 
produce one output bit-row. Typical delays can be larger than 100 bits. For this reason the 
configuration of Fig. 3 is more beneficial than the configuration of Fig. 2 because flie largest 
row delay in the viterbi of figure 2 is twice as large as m the first configuration. 

The basic assumption that leads to a solution is ttat the fest parameter 
variations are common for aU rows witibin a broad spiraL Ibis assumption is based on the 
insight of the physical mechanisms fliat lead to these variations in the diannel. For instance. 
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small variations in the physical tihickness of the cover layer of the disc (on top of the 
infoimation layer containing the marks) can cause time-clqiendent channel variations that are 
common to all bit-rows in the spiral (i.e. it will generate some amount of spherical aberration 
in the read-out spot \^ich is common for all the bit-rows). This assumption allows the 
5 control loops to do control on all rows based on information J&om the outer rows only which 
have only a relative small detection delay. In reality however, small and probably slow 
variations occur relative between rows. These slow variations arc combatted by correction 
loops that arc based on delayed information fix>m the inner rows. 

A first block diagram of this idea is shown in Fig. 6 for the case of DC- 

10 compensation. First the errors of the outer rows e[k, 0] and e[k,N-l] are averaged by 
averaging means 61 A, 61B to form a coimnon error signal. This common error signal is 
multiplied by multiplier 62A by a proportional loop constant deafest The loop filter is a 
simple integrator 63 A and outputs a dc common signal that is used for all the rows. The 
diSerence between the error signal of the out^ rows is used to compensate the outer rows for 

1 5 relative differences that might be present between these two rows: This is done by dividing 
the difierence in error signal by 2 by tiie subtractor/divider 6 IB and use a second 
proportional loop constant dc_slow which is multiplied with the result of the 
subtractor/divider 61B, The result of this multiplication is input to a simple integrator 63B. 
The output of the integrator 63A the signal dc_difiFis added to the DC signal by the adder 

20 64A for the top-row and subtracted by subtracter 64B fi"om the DC-signal for the bottom row. 

On top of this scheme correction loops are added that are based on delayed 
information fi-om the inner rows. This is shown in Fig. 7. The error signal firom each of the 
inner loops is used as input to the control loop for the corresponding row. Because both loops 
are first order loops it is expect that also the combination of both loops would show first 

25 order behavior (i.e. an exponential convergence to the final value in case of a step variation at 
the input). It appears however, that this is not true. To explain this behavior the combined 
control diagram in the Laplace domaincan be drawn as shown in Fig. 8. It can be shown that 
the transfer function firom the input setpoint to the output gain value fi>r the outer rows is 
equal to: 



30 



which is a first order fonction leading to a stqnresponse equal to: 
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10 



So 



(0 = 1-0^-* (3) 



For the inner rows fhe transfer function is equal to: 



Leading to a step response egaal to: 



^ -K/+ Ko -K.' 



A special case occurs when Ki = Kc = K. In that case the step response can be 



calculated as: 



15 g//)=i-(i-s)e-^' 



The damping for the inner loops is equal to: 




20 

showing that the triinimnTri damping fector is 1 for Ki = K©. This means that 
the system is always stable and thus can be used for our purpose. In practical situations Kc is 
much larger than Ki and the damping factor is even higher. 

The same solution is applied to the timing recovery loops. However, generally 
25 the timing recovery loop is a second order loop. One of the integrators is the numerically 

controlled oscillator. For record carriers with data stored in a 2-dimensional pattern a second 
order timing recovery loop is applied for all rows based on information jfrom the outer rows 
only. This woda perfectly under Ihe assumption that aU rows have exactly the same 
frequency and that the relative phase between the rows does not vary. However, in practice a 
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tune-varyiag phase between adjacent rows in the same broad spiral is present due to the 
iiniltq>le-pass mastering that is currently applied to master the read only record carries with 
data stored in a 2-dimensioaal pattern \rath laser beam recorders or electron beam recorders. 
To compensate for this time-varying phase a first order phase correction loop is applied to the 
mner rows. Necessarily this loop is slow due to the large delays in the bit-detection for these 
rows. This is not a problem because it s^peared that also phase variation between rows is 

slow as shown in figure 9. 

A block diagram of the second-order system is diown in Fig. 1 0. It can be 

shown that the total transfer function fiw the inner rows can be written as: 



which can be shown also to be stable as long as the second order systcan is stable. 

A MatLab simulation of the step response based on the equations in the 

15 previous section result in the graph of Fig. 11. The plot shows the step response together with 
some results firom processing of data coming retrieved by the playback device firom record 
carriers with data stored in a 2-dimensional pattern. The first curve 1 10 diows die situation 
for the inner correction loop when Ko equals 4 times Ki, die second curve 1 1 1 shows the 
situation for the inner correction loop when Ki equals KO. The third loop 112 

20 In Fig. 12 of this document shows that the common parameter fliat was taken 

for the inner rows was derived from the parameter extracted fi:om the outer rows by singly 
averaging the parameters for the outer rows and applying this parameter for aU the inner 
rows. This is schematicaUy shown in the left part of the figure below for the gain parameter 
as an example. However, it can be imagined that the gain value near row 0 (e.g. row 1,2) is 

25 Wgher flian the gain vahie near row N (e.g. row N-2, N-1) because the extracted gain value of 
row 0 was considerably higher than row N. Therefore, it is jeasooable to expect that a better 
approximation to the gain of the inner rows is obtained by Imear interpolation of die two 

extoacted gains on the outer rows (as indicated in die right figure below) instead of a simple 
averaging operation on the two extracted gains <«i the outer rows. 

30 
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CLAIMS: 



1. A feedback control loop for controlling parameters of a signal comprised in a 
block of data stored in a N-dimensional data block on a record carrier where the feedback 
loop conqprises an input for receiving an information from the record carrier and error signal 
derivation means for deriving an error signal from the information, characterized in that the 

5 feedback loop is arranged to determine an error signal from a first area of the N-dimensional 
data block where the first area is that area where the error signal can be determined within the 
shortest period of time. 

2. A feedback control loop as claimed in claim 1, 

10 characterized in that the control loop is a high bandwidth control loop! 

3. A feedback control loop as claimed in claim 1 or 2, 

characterized in that the first area is a guard band area corresponding to the N-cJunensional 
data block 

15 

4^ A feedback control loop as claimed in claim 1 , 2 or 3, 

characterized in that the feedback control loop is arranged for controlling i>arameters of a 

signal from a second area based on the error signal derived from the first area. 

20 5. A feedback control loop as claimed in claim 4, 

characterized that a die feedback control loop is additionaUy arranged for controlling 
parameters of a signal from the second area based on an error signal derived from the second 
area. 

25 6. A feedback control loop as claimed in claim 4 or 5, 

characterized in that the second area is the N-dimensional data block. 

7. A feedback control loop as claimed in claim 6, 

) 



20 



25 
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characterized in that the paiameteis of the sigaal from the second area are nnifonnly 
controlled using the error signaL 

8. A feedback control loop as claimed in claim 4 or S, 

5 characterized in that feedback control loop is arranged for controlling parameters of a signal 
from a second area based on the eiror signal derived from the first area and a fiirther error 
signal derived from a third area. 

9. A feedback control loop as claimed in claim 8, 

10 characterized in that the second area is the N-dimensional data block. 

* 

10. A feedback control loop as claimed in claim 8, 

characterized in that the parameters of the signal from the second area are nniformly 
controlled usmg an avemge of the error signal and the further error signal. 

15 

11. A feedback control loop as claimed in claim 8, . 

characterized in that the parameters of the signal from the second area are controlled using an 
interpolated error signal derived by interpolating between the error signal and the further 
error signal based on a position of the second area relative to the first area and the third area. 

12. A feedback control loop as claimed in one of the previous claims, 
characterized in that the feedback control loop comprises a detector with an input for 
receiving the information firom the mput and an output for providing the error signal to the 
feedback control loop. 

13^ A feedback control loop as claimed in claim 12, 

characterized in that the feedback control loop is a decision directed feedback control loop. 

14. A feedback control loop as claimed in claim 12, 

30 characterized in that a ftirther control loop, supplementing the control loop, 

is arranged to determine an error signal from a fourth area of the N-dimensional data block 
wh^e the fourth area is different from the first area. 
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15. A method for controlling parameters in a feedback control loop of a signal 
comprised in a block of data stored in a N-dimensional data block on a record carrier 
comprising the steps of 

receiving an information firom the record carrier 
deriving an error signal from the information 

determining an error signal from a first area of the N-dimensional data block 
where the first area is that area where the error signal can be determined within the shortest 
period of time 

rantroUing parameters based on the determined error signal 

16. A method for controlling parameters in a feedback control loop as claimed in 
claim IS, 

characterized in that the step of deriving an error signal from the information 

comprises the step of selecting the information from a guard band area correspondmg to the 

N-dimensional data block 

17^ A method for controlling parameters in a feedback control loop as claimed m 

claim 14 or 16, 

characterized in that the step of controlling parameters based on the determined error signal 
comprises controlling parameters of a signal from a second area based on the error signal 
derived from the first area. 

18. A method for controlling parameters m a feedback control loop as claimed in 
claim 17, 

characterized in that the second area is the N-dimensional data block. 

19. A method for controlling parameters in a feedback control loop as claimed in 
claim 18, 

characterized in that the parameters of the signal from the second area are uniformly 
controlled using the error signal. 

20. A method for controlling parameters in a feedback control loop as claimed in 
claim 16, 
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characterized in that llie step of controlling parameters based on the determined error sigoal 
comprises controlling parameters of a signal from a second area based on tiie error signal 
dmved fixun the first area and a further error signal derived from a third area. 

5 21. A method for controlling parameters in a feedback control loop as claimed in 

claim 20, 

characterized in that the second area is the N-dimensional data block. 

22. A method for controlling parameters in a feedback control loop as claimed in 
10 claim 20, 

characterized in that the parameters of the signal from the second area are uniformly 
controlled using an average of the error signal and the fiirther error signaL 

23. A method for controlling parameters in a feedback control loop as claimed in 
15 claim 19, 

characterized in that the step of controlling the parameters of the signal from the second area 

comprises the steps of: 

interpolating between the error signal and the fiirther error signal based on a 
position of the second area relative to the first area and the third area to derive an interpolated 
20 error signal. 

f 

24. A method for controlling parametm in a feedback control loop as claimed in 
one of the previotis claims, 

characterized in that the step of deriving an error signal fiiom the information comprises the 
25 step of detecting symbols from the information and providing the error signal to the feedback 
control loop. 

25. A method for controlling parastneters in a feedback control loop as claimed in 
claim 23, 

30 characterized in that the feedback control loop is a decision directed feedback control loop. 

26. Apparatus for reading an optical record carrier comprising a feedback control 
loop as claimed in any one of the claims 1 to 14 
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Figure 1: Principle of Viterbi Detection 
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Figure 2: First possible organization scheme of the stripe-wise Viterbi along the broad spiral. 
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Figure 3: Second, more advantageous organization scheme of the stripe-wise Viterbi. 
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Fig\ire 4: Block Diagram of the current TwoDOS receiver. 
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Figure 5: Block Diagram of the current TwoDOS timing recovery loop. 
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Figure 6: Block Diagram for DC control based on the outer rows only. 
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Figure 7: Block Diagram for DC control correction based on the inner rows. 




Figure 8: Block diagram in the Laplace domain of the fast control loop in combination with 
the slower correction loop. 



4 



— rowO-1 
-■• rowl— 2 




1 1,5 
time [bits] 



Figure 9: Variation in relative delay between adjacent rows in the broad spiral. 




Figure 10: Block diagram of the iiuier-outer control loop configuration for the case of timing 
recovery (i.e. a 2nd order loop). 
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Figure 11; Step responses of the coupled first order control loops. 
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